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(54) Method and apparatus for controllably laser processing a surface 

(57) Laser treatment of an e.g. metallic surface (1) such as welding or cutting, is carried out by impinging a process beam 
(2) of laser radiation on the surface (1). A monitoring laser beam (4) of the same wavelength but tower 
on the surface prior to the process beam impingement The change in temperature of the surface C 1 ) J~ u «"^^ ||nn|| 
monitoring beam impingement is measured by means (1 2) to determine the effective absorption < »ff^ °P° n 
the condition, composition and/or microstore of the surface (1 ). At least one opera mg f^f}^^^^ 
beam (2) is varied in dependence upon the measured effective absorption coefficient in order to deliver a constant heat 
input to the surface along the line of the cut or weld. The beam intensity or the speed of traverse may be varied. 
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METHOD AND APPARATUS FOR 
CONTROLLABLY LASER PROCESSING A SURFACE 

This invention relates to a method and apparatus for 
controllably processing laser processing a surface by 
impingement of a process beam of laser radiation on the surface. 

Laser processing of a surface to manufacture a component 
can give rise to problems in the quality of the finished 
component. For example in laser cutting the quality of the edge 
produced by the cutting can be a problem and in laser welding 
the quality of weld produced can also be a problem. The quality 
of the cut edge and/or weld is significantly affected by the 
amount of heat put into the surface by the process laser. 

There is thus a need for a generally improved method and 
apparatus for laser processing a surface which minimises the 
quality problems produced by excessive heat. 

According to one aspect of the present invention there is 
provided a method of controllably laser processing a surface by 
impingement of a process beam of laser radiation on the surface, 
including the steps of measuring the effective absorption 
coefficient of the surface, which effective absorption coefficient 
is dependent upon the condition, composition and/ or 
microstructure of the surface, and varying at least one operating 
characteristic of the process beam in dependence upon the 
effective absorption coefficient measured, to compensate for 
variation in condition, composition and/ or microstructure of the 
surface and thereby control the laser processing. 
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Preferably the effective absorption coefficient is measured 
by impinging at a first p int n the surface, prior to said 
process beam impingement, a monit ring beam f laser radiati n 
of substantially the same wavelength as the process beam and of 
known intensity, and measuring the change in temperature of the 
surface at the first point resulting from the monitoring beam 
impingement* 

Advantageously subsequent to monitoring beam impingement 
at the first point, relative movement is effected between the 
beams and surface such that the first point at which the 
monitoring beam has been impinged becomes the point at which 
process beam impingement is effected. 

Conveniently relative movement between the beams and 
surface is effected by movement of the surface relative to the 
beams* 

Preferably the process beam is a cutting or welding beam 
and the varied operating characteristic is the power input to the 
process beam or the processing speed. 

Advantageously the process beam is a beam of high power 
laser radiation preferably produced by an infra-red laser. 

Conveniently the monitoring beam is a beam of low power 
laser radiation. 

Preferably the surface to be processed is metallic and/or 
non-metallic. 

According to a further aspect of the present invention 
there is provided apparatus for controllably laser processing a 
surface, means for measuring the effective absorption coefficient 
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of th surface, which coefficient is depend nt upon the 
condition, composition and/ or microstructure of the surface, and 
means for varying at least one operating characteristic f the 
process beam in dependence upon the varying effective 
absorption coefficient to compensate for variation in condition, 
composition and/or microstructure of the surface. 

Conveniently the process beam impinging means and the 
monitoring means impinging means are each a lens and mirror 
combination, a focusing mirror assembly or a fibre optic 
assembly. 

Advantageously the process beam source is a high power 
laser, the process beam impingement means and the monitoring 
beam impingement means are spaced apart by an amount such 
that the monitoring beam impinges at a first point, and following 
relative movement between the surface and process beam, the 
process beam impinges on the first point, the monitoring beam 
source is a low power source, the temperature change measuring 
means is a radiation detector coupled to a controller/processor to 
process an output signal from the detector to provide the 
effective absorption value, and wherein the main beam operating 
characteristic varying means is a device for continuously 
controlling process beam laser power or velocity of relative 
movement between the process beam and surface. 

Preferably the process and monitoring laser beam sources 
are infra-red lasers, with the monitoring beam laser having 
substantially the same wavelength as and similar beam properties 
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to the process beam laser, and with the detector being an 
infra-red radiation det ctor. 

For a better understanding of the present invention, and to 
show how the same may be carried into effect, reference will now 
be made, by way of example, to the accompanying single figure 

drawing, in which: 

Figure 1 is a diagrammatic view of a surface to be 
processed and apparatus according to a first embodiment of the 
invention for carrying out the method of the invention. 

The method and apparatus of the present invention is 
useful for laser processing any suitable material such as a 
metallic material, non metallic material, such as a polymer, 
ceramic, cermet and/or composite such as a fibre composite or a 
metal matrix composite. The processing may involve cutting, 
welding or surface or in depth treatment. 

The cut edge quality or weld quality of a surface 1, 
preferably made of metal is significantly affected by the amount 
of heat put into the surface by a process beam 2 of laser 
radiation impinging on the surface 1 and the amount of heat 
generated in the surface 1 by the laser beam 2 is significantly 
affected by the effective absorption of the heat by the material 
of the surface 1. The effective absorption value varies with the 
condition, composition and/or microstructure of the metallic 
surface 1 (for example microrelief, oxide coverage, inclusions). 
The effective absorption value may therefore vary spatially along 
the surface 1 and may also vary with time. This variation is 
particularly likely in the case of metallic surfaces which have 
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been pretreat d with an ultra-violet laser to nhance their 
effective absorption. 

The method of the present invention for laser processing a 
surface 1 by impingement of a process beam 2 of laser radiation 
at a point 3 on the surface 1 includes the steps of impinging at 
a first point 11, prior to process main beam impingement, a 
monitoring beam 4 of laser radiation of known intensity and of 
substantially the same wavelength as the process beam 2 , 
measuring the effective absorption value, such as by measuring 
the change in temperature of the surface 1 at the first point 11 
resulting from monitoring beam impingement , to provide an 
effective absorption value dependent upon the condition, 
composition and/ or microstructure of the metallic surface 1 at the 
first point 11, and varying at least one operating characteristic 
of the process beam 2 in dependence upon the varying effective 
absorption value to compensate for variation in condition, 
composition and/or microstructure of the surface 1 at the first 
point 11. 

Subsequent to monitoring beam impingement at the first 
point 11, relative movement is effected between the beams 2, 4 
and surface 1, such that the first point 11 at which the 
monitoring beam 4 has been impinged becomes the point 3 at 
which process beam impingement is effected. Such relative 
movement between the beams 2, 4 and surface 1 conveniently is 
effected by movement of the surface 1 relative to the beams 2, 
4. 
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In an embodiment of the invention as illustrated in Figure 1 
of the acc mpanying drawings, an apparatus is provided which is 
particularly suitable for cutting or welding. To this end the 
process beam 2 is a cutting or welding beam of high power laser 
radiation, produced by an infra-red laser source 5. The 
apparatus includes means for impinging the process beam 2 at 
the point 3, which means as illustrated comprises a lens and 
mirror combination made up of a mirror 6 and a lens 7. The 
monitoring beam 4 is provided by a low power laser radiation 
source 8 producing radiation of known intensity which has 
preferably the same wavelength as and similar beam properties to 
the radiation produced by the high power laser source 5. 
Preferably the beam 4 has substantially constant intensity. 

Means are provided for impinging the monitoring beam 4 at 
the first point 11 prior to main beam impingement. Again the 
monitoring beam impinging means preferably comprises a mirror 9 
and focusing lens 10. Alternatively the lens and mirror 
combinations 6 and 7 and 9 and 10 could be replaced by 
individual focusing mirror assemblies or fibre optic assemblies. 

The process beam 2 is brought to the surface 1, at a power 
density sufficient to carry out the required treatment of welding 
or cutting, via the mirror 6 and lens 7 . The beam 2 
theoretically strikes the surface 1 at the point 3 which is spaced 
from the first impingement point 11 of the monitoring beam 4 by 
an offset amount X. Preferably this distance X is variable. 
The spacing apart of the lens and mirror combination 6, 7 and 
9, 10 is such that the monitoring beam 4 impingement first point 
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11 is the same as the process beam Impingement point 3 f llowing 
relative movement between the surface 1 and beam 2, so that, in 
effect, the beam 2 and beam 4 can be said to impinge at the 
first point 11. The mirror 9 and lens 10 are the same as the 
mirror 6 and lens 7 to ensure that the area probed by the 
monitoring beam 4 is the same as that treated by the process 
beam 2. The monitoring beam laser source 8 may be chopped or 
pulsed to avoid problems of preheating the sample area from an 
adjacent sample area. The monitoring beam 4 induces a small 
temperature rise, for example 100° C at its impingement point 11 
and this will depend upon the effective absorption for the laser 
beam at the laser wavelength at that particular point. 

The apparatus includes means for measuring the change in 
temperature at the surface 1 and includes a radiation detector 12 
which measures the amount of infra-red radiation emitted. The 
wavelength of the infra-red light that is monitored or detected 
by the detector 12 is different to that of the monitoring beam 4 
to avoid noise effects . The means also includes a 
controller/processor 13 which receives an output signal from the 
detector 12 and processes it to provide the required effective 
absorption value at the impingement point. Means are also 
provided for varying at least one operating characteristic of the 
process beam 2 in dependence upon the varying effective 
absorption value to compensate for variation in condition, 
composition and/ or microstructure of the metallic surface at the 
first point 11. This means (not illustrated) receives the 
effective absorption value from the controller / processor 13 and 
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either controls the power input to the laser beam 2 or the 
relativ velocity V between the process beam 2 and surface 1. 
When th surface 1 has moved a distance X relative to the beam 
2 the monitored impingement point 11 of the monitoring beam 4 is 
coincident with the impingement point 3 of the process beam 2. 
In other words the impingement point 11 of the monitoring beam 
4 previously probed moves along a distance X by movement of 
the surface 1 towards the process beam 2 to become the first 
impingement point 3 for the process beam 2. At this point the 
laser power of the beam 2 or the velocity V of the surface 1 of 
the surface 1 is adjusted by the controller/processor 13 to take 
account of the effective absorption value previously established 
so that the heat input remains constant. This is monitoring of 
the effective absorption coefficient prior to treatment by the 
laser beam 2. As the effective absorption coefficient is found to 
vary along the surface 1 the power input to the laser beam 2 or 
the velocity V of relative movement between the process beam 2 
and surface 1 is varied to compensate for this. This ensures 
that the heat input to the surface 1 remains constant ensuring 
nriTittmiTO heat effective zone effects, increased treatment speed 
and high efficiency high quality uniform treatment. 



CLAIMS 



1. A method of controllably laser processing a surface by 
impingement of a process beam of laser radiation on the surface, 
including the steps of measuring the effective absorption 
coefficient of the surface, which effective absorption coefficient 
is dependent upon the condition, composition and/or 
microstructure of the surface, and varying at least one operating 
characteristic of the process beam in dependence upon the 
effective absorption coefficient measured, to compensate to 
variation in condition, composition and/ or microstructure of the 
surface and thereby control the laser processing. 

2. A method according to claim 1, in which the effective 
absorption coefficient is measured by impinging at a first point 
on the surface, prior to said process beam impingement, a 
monitoring beam of laser radiation of substantially the same 
wavelength as the process beam and of known intensity, and 
measuring the change in temperature of the surface at the first 
point resulting from the monitoring beam impingement. 

3. A method according to claim 2, in which subsequent to 
monitoring beam impingement at the first point, relative 
movement is effected between the beams and surface such that 
the first point at which the monitoring beam has been impinged 
becomes the point at which process beam impingement is 
effected. 
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4. A method according to claim 3, in which relative movement 
between the beams and surface is effected by movement f the 
surface relative to the beams. 

5. A method according to claim 4, in which the process beam 
is a catting or welding beam and in which the varied operating 
characteristic is the power input to the process beam or the 
processing speed. 

6. A method according to any one of claims 1 to 5 in which the 
process beam is a beam of high power laser radiation. 

7. A method according to claim 6, in which the high power 
laser radiation is produced by an infra-red laser. 

8. A method according to any one of claims 1 to 7, in which 
the monitoring beam is a beam of low power laser radiation. 

9. A method according to any one of claims 1 to 8, in which 
the surface to be processed is metallic and/ or non-metallic. 

10. A method of controUably processing a laser surface by 
impingement of a process treatment beam of laser radiation on 
the surface , substantially as hereinbefore described with 
reference to Figure 1 of the accompany drawings. 

11. Apparatus for controUably laser processing a surface, 
including a source of process beam of laser radiation, means for 
impinging the process beam on the surface, means for measuring 
the effective absorption coefficient of the surface, which 
coefficient is dependent upon the condition, composition and/ or 
ndcrostructure of the surface, and means for varying at least 
one operating characteristic of the process beam in dependence 
upon the varying effective absorption coefficient to compensate 
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f r variation in condition, composition and/ or micros tructure of 
the surface. 

12. Apparatus according to claim 11, wherein the proc ss beam 
impinging means and the monitoring beam impinging means are 
each a lens and mirror combination, a focusing mirror assembly 
or a fibre optic assembly. 

13. Apparatus according to claim 12, wherein the process beam 
source is a high power laser, the main beam impingement means 
and the monitoring beam impingement means are spaced apart by 
an amount such that the monitoring beam impinges at a first 
point, and following relative movement between the surface and 
process beam, the process beam impinges at the first point, the 
monitoring beam source is a low power source, the temperature 
change measuring means is a radiation detector coupled to a 
controller /processor to process an output signal from the 
detector to provide the effective absorption value, and wherein 
the main beam operating characteristic varying means is a device 
for continuously controlling process beam laser power or velocity 
of relative movement between the process beam and surface. 

13. Apparatus according to claim 13, wherein the process and 
monitoring laser beam sources are infra-red lasers, with the 
monitoring beam laser having substantially the same wavelength 
as and similar beam properties to the process beam laser, and 
with the detector being an infra-red radiation, detector. 

14. Apparatus according to claim 13 or claim 14, including 
means for moving the surface relative to the process beam. 
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15. Apparatus for laser processing a surface, substantially as 
hereinbefore described and as illustrated in Figure 1 of the 
accompanying drawing. 
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